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1.0 IntroAiction 


The Advanetd Micronava Hoiaturc Soundar (AMMS), davalopad by 
Gaorgla Tach, vai auceaaafully flown on NASA'a high altltuda vn-S7F 
aircraft during tha CCOPB (Cooparaclva Convactlva Praclpl ration 
Exparlaant) Mlaalon In Juno 1981. CCOPE waa conductad naar Mllaa City, 
Montana and Ita wain obj^tlvaa ware to atudy the Ufa cyclaa of auanar 
convective clouda and stoma and to learn how natural processes Interact 
to produce atoms. Figure 1 depicts the ■easureaient site over Miles 
City and shows the AMMS/VB-57F scanning the scene below. A typical WB- 
57F data flight during CCOPE Involved the aircraft flying above a atom 
at 18 ka altitude within a ISO ka radius circle near Miles City. At the 
saae tlae other aircraft would fly In and around t(ie atom. Other 
operating systeas Included ground based weather radar, weather balloons, 
and a sstelllte-linked network of 12S ground stations. 

AMMS perfomed aeasureaents near the 183.3 GRs water vapor line 
with three data channels and slaultaneoualy collected data at a single 
window channel at 94 CHz to aeasure surface ealsslvlty variations over 
land. The Instruaent operated under alcrocowputer control throughout 
each flight and collected data continuously froa aircraft take**off to 
landing. A portable grotmd support systea was used following each CCOPE 
flight to provide quick-look analysis of the data. Table 1 Is a suaaary 
of MMS/WB-57F alsslons perfomed over the past 2 years ending with the 
June 1981 CCOPE alssion. 
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Tibia 1. Advmeid Hlerowiic Moittuc* 
Soundar (aMN8)/HB-S7F Mlaalon Sehadula 
Suaaarjr 


Mlaalon 

Location 

Month/Taar 

SESAME* 

Southnaat U.S* 

Juna 1979 

Florida 

Ihundar- 

Stom 

Florida 

Sapt. 1979 

Stratlfom 

Praclplta- 

tlon 

Cantral and 
Southern U>S. 

Fab. 1980 

Savara 

Stom 

South Florida 

Aug. 1980 

CCOPE** 

Montana 

May/Juna 

1981 


*Savar« Environacotal Stoma and Haaoacala Exparlaant 
**Cooparativa Convactlva Praclpltatlon Baparlaant 


3 


2.0 AMMS Sytf Dticriptlon 


TIm AHHS 94 GHt channel MrvM «• • loi^losa ataoaphnrlc tilndow 

channal and as a backgrotad taaparatura monitor for correction of the 

183 CBs water vapor channels. The three 183 GHs channel a conaiat of 

bands on either aide of the 183.3 CHs water vapor line at ^2.23, ^5.00, 

and 48.75 CHs. The AMMS block diatraa and frequency channel allocation 

are shown in Figure 2. Thu AMMS scanner images the scene below the 

0 

aircraft over an angular range of 'M5 about nadir. The angular 
beamwidths for the 94 GHs and 183 CHs sensors are 2 degrees and 1 
degree, respectively. The onboard AMMS microcomputer seta the scan 
period, controls the calibration period, samples the four data channels, 
and digitises the data for storage on the flight recorder. Table 2 
provides a summary of key paremetars for the 94/183 GHs Imaging 
radiometer and ground support system. The ground support system is a 
portable microcomputer based unit 'laed to provide quick-look data 
analysis after each flight. 

The MIMS RF package is shown in Figure 3 with the external hot and 
cold calibration loads attached. The rotating reflector operates under 
microprocessor control and, after a selectable number o( mapping cycles 
(six for the previous VB-57F flights), rotates 360^ to reflect each 
calibration load into the AMMS antenna lens viewing port. A key 
component developed for the AMMS RF front-end is the 183 GHs subhatoonlc 
balanced mixer (pumped at 91.65 GHs) which uses antiparallel mounted 
Sehottky-barrier diodes. Reference is made to the semi-annual status 
report ’’Research In Millimeter Have Thchnlqucs” (MASA Grant Mo. NSG- 
5012), report period 15 January - 15 July 1981, for furtlier detail on 
the subharmonic mixer program idiich supported the CCOPE flights. 

Figures 4 and are t\m AMMS digital package (with dual cartridge 
flight recorder) and the MWS ground support systei, respectively. 
Following each data flight the cartridge was removod from the flight 
recorder and Inserted in the ground support recorder, where quick-look 
data analysis programs were performed. 
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Table 2 


Key Faraaeters of th» 94/183 GHe WB-S7F AMMS 
Paraaetera Reaarka 


AIRBORNE SYSTEM 

Dual Frequency 94/183 GHa 

Front-end 

Multichannel Syatea 

Subharaonlc Balanced Mixer 

Single-ended Mixer and 10 Injection 
Cavity 

Anteni;a 

Precision External Calibration 
Super Chopper Beaa Coablning 
Beam Scanner (Moving Mirror) 

Data Recording (4 Radloaetrlc 
Channels) 

GROUND SUPPORT SYSTEM 
Data Display 

Data Flight History 
Data Storage 

Software Support 


Solid state » low noise wide band 


3 channels @ 183 GHc» 1 channel 
@ 94 GHe 

183 GHe (Pumped at 91.65 GHe) 
94.0 GHe 


5 inch lens aperture (1^ and 2^ 
HPBW) 

Effective black body (€ >0.999) 

Essentially Lossless Operation 

Microprocessor Control 
(Nominal 6 scans/1 calibration) 

Microprocessor Control 
(Full 6 hour capability) 


Real time to 2X real time images 
(4 channels) 

Flight log printout 

Airborne cartridge to 9 track 
tape 

CuHtom design on 
flight- to- flight 
basis 
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3.0 CCOPE D«f Quick-Look Analyls Su—ry 


AMMS data collactad onboard the UB-57F during the CCOPE aisalon nat 
analytad In the field following each data flight. Figure 6 la a four 
channel radiometric Image generated from the flight cartridge for one of 
the alx CCOPE data fllghta, l.e. CCOPE 2 on 31 May 1981. The aircraft 
flight time for this image begins at 2013s and ends at 2023s. The time 
Interval of 2017s to 2021s corresponds to a storm cell below the 
aircraft which was flying at an altitude near 60,000 feet. 

The corresponding flight log and history over the same 10 minute 
time Interval for CCOPE 2 are shown In Figures 7 and 8 respectively. 

The flight log provides data information such as the maximum (MAX) and 
minimum (MIX) radiometric temperature recorded for each six scan 
(approximately eighteen seconds) sequence on each data channel. For 
Instance, MA2 ■ 228K and MI2 " 13 7K at 2019s correspond to the 94 ^s 
maximiB and minimum brightness temperatures, respectively. The AMMS 
flight history (Figure 8) provides Information on component operating 
temperatures In degrees centigrade such as: Dlcke Reference load (RF), 

183 GHs Gunn diode oscillator (GN8), and 183 GHs subharmonlc mixer 
(MX8). The temperature resolution (DELTX) for each of the four data 
channels Is provided. The temperature resolution calculations are based 
on ten calibration samples each for the hot and cold calibration loads. 

Figure 9 Is a graph of brightness temperatures for each AMMS data 
channel versus flight time for the same Interval. The time periods 
2013s to 2017s and 2021s to 2023s correspond to scenes with relatively 
clear air and low clouds. The decrease In brightness temperatures on 
all four channels occurs between 2017s and 2021s. This event represents 
the detection of a storm cell and Is primarily due to resonant 
backscatterlng of the 3K cosmic background by particles within the storm 
cell. 
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Figure 6. AMMS Radiometric Images (4 Channels) From CCOPE 2 (5/31/81) 
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Ficure 8. AMhS Flight History From CCOPE 2 (5/31/81) 
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(Four Channels) versus Aircraft Tlae 



4.0 Conclutlon 


In addition to quick-look analysis prograas loading to flight logs 
and eoaputar coapatlbla tapas, Osorgla Tsch has davalopad prograas for 
tnhancad data analyals ualng tha Bcllpsa coaputar ayataa avallabla on 
caapus. Prograas davalopad utilise tha laaga processing softitara and 
high resolution COMFTAL display to produce pseudo-color and black and 
wiiltc laages with full taaparatura resolution. Tha use of non-llnaar 
color transfer functions enhances desired teaperature ranges to 
highlight certain weather phenoaena, such as a rain cell. Other alallar 
efforts have been perfocaed at Georgia Tech In order to enhance analysis 
of the AMMS data collected onboard the aircraft. 

It Is expected that data gathered by AMMS on the WB-57F ataoaidterlc 
1979-1981 alsslons will be used In future high altitude aeasureaent 
prograas such as NASA's earth resources aircraft ER-2. Data gathered 
froa high altitude aircraft prograas will eventually be uaed In the 
lapleaentatlon of aatelllte sensors to collcrt weather data auch as: 
the aeasureaent of the water content of clouds, the rate at which rain 
Is falling, the detection and observation of developing weather 
patterns, and the aonltorlng of severe weather such as thunderstoras and 
hurricanes . 
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Work Perfora«d During This Period 

The existing time code demodulator board has been repaired In 
preparation for the upcoming UB*-57F flights. A cold solder connec- 
tion on the board's supply voltage pin was found and repaired. A 
back-up time code board from Datum, Inc. was received and tested 
successfully. 

A succesful temperature test of the AMHS was performed during 
this period. The system was tested over a time period of approxi- 
mately 4 hours to an ambient temperature of -30°C during which the 
AMMS cold load reached -14°C. Table 1 provides a log of a portion of 
the temperature cycle beginning at time 13:12 which is about 3 hours - 
45 minutes into the test. This table covers a 15 minute time frame. 
Observe the stability of the four system gains (G2, Gl, G5, GO) which 
represent In ^K/volt the 94 GHz, 183/5 GHz and 183/10 GHz channels, 
respectively. The radiometer was very reliable throughout the entire 
test with no problems occurlng. 

A sky calibration test was performed on the AMMS at Georgia Tech 
during this period. Table 2 provides a log of a portion of the sky run 
over a 15 minute time frame. For this test the scanner viewed the sky 
+45° about zenith. Observe the minimum radiometric temperatures (MI2, 
Mil, MI5, MIO) for the 94 GHz, 183/1 GHz, 183/5 GHz, and 183/10 GHz, 
respectively. For example at time 16:59, block 122, the sky temperature 
measured from a minimum of 58°K on the 94 GHz channel to a maximum of 
281°K on the 183/1 GHz channel. Table 3 provides a complete pixel 
printout at time 16:59 of all four channels over six consecutive scans 
with the average (AVG) pixel temperature for the scans as shown. The 
zenith position printout Is near pixel (FIX) 25 on each channel. FIX 1 
and FIX 50 represent --i5° a <d +45° positions on the scanner. This test 
was run In order to hc.e a record of the AMMS sky calibration before the 
system Is shipped to GSFC. 

Probleoui Encountered Puking This Ferlod 

At NASA's direction, the spare 10 GHz IF amplifier was not ordered 
in case more critical tasks develop in support of the upcoming WB-57F 
CCOPE mission. 
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Conclusion 


Atnosphsric dsta colltctsd by AMMS from the high altitude KB-57F aircraft will be used in 
the future in the implementation of satellite weather sensors. Considerable data at lower 
frequencies such as 19*35 GHz has been obtained from the Nimbus 5 satellite using an 
Electrically Scanned Microwave Radiometer (ESMR).* For this application ESMR images proved 
useful in determining the extent, structure, and intensity of rainfall. This data has been 
used to determine, over oceans, the location of frontal rain, rain/snow boundaries, and 
tropical storm structures* In the future, a satellite weather sensor for the 183 GHz water 
vapor line (humidity) and the 118 GHz oxygen line (temperature) could aid in the collection 
of weather data* Future aatellite based sensors, when placed in geosynchronous orbit, will 
allow the continuous observation of rapidly changing phenomena such as severe storms. For 
instance, a 183 GHz radiometer collecting data from geosynchronous orbit using a 4.4 meter 
antenna could provide nadir earth surface resolution of about 20 km. Such a sensor would 
provide excellent mesoscale meteorology data. 
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Table 2 

AMMS Sky Calibration Tect (15 minute data run) 
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Note 1. Absorber inserted in front of antenna during this 
data block. 

Note 2. Sky view of +45 scan angle obstructed by vehicle. 


Note 1 


Note 2 
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ORIGINAL PAGE IS 
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Table 3a 

AMMS Pixel Temperature Printout (9''* CHz and 183/1 GHz Channels) 
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ORIGINAL PAGE IS 
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Table 3b 

Aids Pixel Temperature Printout (183/5 GHr and 183/10 GHz Channela) 
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Work Performed During This Period 

The flight software to generate a nine-acan followed by a single- 
stare mode for the AMHS scanner was developed during this period. In 
addition the software was modified to increase the integration time to 
approximately 60 msec when operating the AMMS in the "integrate and 
dump" mode. 

Integration of the AMMS on the WB-57F pallet at NASA/GSFC was 
completed during this period. Georgia Tech personnel were available at 
GSFC during system integration tests in mid May* 

Georgia Tech personnel began field support of the AMMS during the 
CCOPE mission in Fargo » North Dakota. Final tests of the AMMS under 
aircraft power were successfully completed prior to the engineering test 
flight in late May. 

Problems Encountered During This Period 

No problems occurred during this time period. 

Work to be Performed During the Next Period 

Georgia Tech personnel will continue to support the CXJOPE mission 
with 3 data flights scheduled in June 1981. Folloidng the mission the 
AMMS will be packed for return shipment to NASA/GSFC via truck, and then 
to Georgia Tech via air freight. 
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Work Performed During This Period 


The WB-S7F CCOPE mission was completed on June 11, 1981 following 
six data flights and one engineering flight using the Georgia Tech AMMS 
system. Data was collected at 94/183 GHz using the AMMS on all the 
CCOPE flights. The AMMS system performed very well throughout the 
mission and was used to gather severe storm data and high altitude 
huml'^ity sounding data over Montana during CCOPE. 

A complete set of AMMS/CCOPE flight logs were given to the 
NASA/GSFC scientific investigator at the end of the mission. Computer 
compatible tapes of CCOPE data from the engineering flight and the first 
four data flights were given to the scientific Investigator. 

The AMMS system, ground support system, and associated test 
equipment were returned to Georgia Tech under NASA/GSFC direction 
following the CCOPE mission. Georgia Tech personnel performed post- 
flight evaluation of the AMMS and generated quick-look Images of the 
flight data for report purposes. 

Problems Encountered During This Period 

The 183 GHz subharmonic mixer was replaced with a back-up unit 
following the third CCOPE data flight. The back-up mixer performed 
reliably throughout the remaining flights with all three 183 GHz IF 
channels collecting data. 

The AMMS ground support system was damaged during the air shipment 
from GSFC-Greenbelt , Maryland to Atlanta, Georgia. Preliminary 
Investigations by Georgia Tech personnel rev::J.!ed damage to the Vldeotek 
display monitor, Digi-Data reel-to-reel tape recorder, and Tandberg 
cartridge recorder. All of these Items are part of the AMMS ground 
support system tihlch was government furnished equlpcH-at for this 


26 


contract* The Georgia Tech contracting officer for this contract was 
notified of the above damaged equipment for purposes of resolving the 
Issues pertaining to the repair of said Items* 

Work to be Performed During the Next Period 

Work will begin on the final technical report for project A-2904;. 
Georgia Tech will assist as required In accessing the extent of damage 
to the AMMS ground support equipment* This will include coordination of 
repair estimates by pertinent vendors for purposes of notifying the 
sponsor prior to any repair being performed. 

The last two data flights from CCOPE still need to be transferred 
from cartridge to reel-reel tape for delivery to NASA. The Dlgl-Data 
tape recorder ^ damaged In the return shipment from GSFC to Georgia Tech, 
is required for this data tape transfer and needs to be returned to the 
vendor for repair. 
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Work Performed During This Period 


Work continued on the evaluation of damage to the AMMS ground 
support equipment incurred during the return shipment to Georgia 
Tech from NASA/GSFC. An inspection report from Delta airline was 
submitted to NASA with a description of damages to the equipment. 

The last two data flights from the CCOPE mission were trans- 
ferred from flight cartridges to a computer compatible reel-reel 
tape with 1600BPI storage capacity. The reel-reel tape recorder 
used for this transfer was a Georgia Tech owned replacement unit 
for the damaged GFE recorder. 

Problems Encountered During This Perio d 

Georgia Tech is awaiting official work from NASA regarding 
the repair to the AMMS GSE. Transfer of flight data to 800BPI 
reel-reel tapes is delayed until the Digi-Data reel-reel tape re- 
corder can be repaired. 

Work to be Performed During the Next Period 

Work will continue on the final technical report required for 
the project. 
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Work Performed During This Period 

Information was provided to sponsor regarding GFE items damaged 
during return shipment from NASA/GSFC* Modification #3 to the 
contract was received, allowing return shipment of damaged items to 
vendors for repair estimates. Items returned are as follows: 

1) Reel-reel tape recorder (Digi-Data Corp.); 

2) Video Tek color monitor (Video Tek Inc.); 

3) Tandberg TDC 3000 recorder (Innovative Data Techniques) 

(S/N 50306) 

Problen^gj Enc ountered During This Period 
None to report at this time 

Work To Be Performed During Next Period 

Georgia Tech will send documentation to the sponsor describing 
AMMS packaging for possible future use on the ER-2 aircraft. A 
meeting, scheduled in mid-September with Lockheed personnel from 
Palmdale, CA, will be held at GSFC to review the status of all sen- 
sors under consideration for future ER-2 flights. The AMMS documen- 
tation will be available at this meeting. 
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Work Performed During Thl» Period 

Vendor Information ms received regarding repair to the damaged GFE 
used In the AMMS ground support system for CCOPE. A summary of repair 
work required Is as follows: 

1) Dlgl-Data Corporation (reel-reel tape recorder) recommends 
Teplaclag the multl-pln Interconnect cable between the 
transport and the formatter and repairing the bent cabinet 
frame which supports the transport; 

2) Video Tek Incorporation (color monitor) «ays that the printed 
cracked circuit board can be repaired rather than replaced at 
a nominal cost; 

3) Innovative Data Techniques (dual cartridge recorder) Indicated 
that the tape retrlnd problem can be easily corrected, but also 
recommends that the capstan motor and record head be replaced 
due to excessive wear . 

Problems Encountered During This Period 

None to report at this time 

Work To Be Performed During Next Period 

The final technical report will be completed during the next 
period . 
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Abstract 


A moisture sounding radiometer at millimeter wavelengths has been developed for high 
altitude measurements onboard NASA's WB*57F aircraft. Three channels about the 163.3 GHz 
water vapor line permit measurement of the atmospheric water vapor profile. A single window 
channel at 94 GHz provides correction for clouds over the ocean and for surface emissi/ity 
variations over land. The instrument is an imaging radiometer operating under 
microprocessor control throughout each data flight. The system is contained within two 
packages integrated into the WB-S7F pallet. A ground support system was used to perform a 
quick-loo)c analysis of the data collected immediately following each flight* 

Introduction 


A millimeter wave radiometer operating at 94 GHz (single channel) and 183 GHz (three 
channels) has been developed for us«^ onboard the NASA WB-57F high altitude aircraft. During 
the past 2 years the radiometer has been used to collect data from an altitude of about 18 
km over severe storm regions throughout the United States. (See Table 1.) Data flights 
using the 94/183 GHz scanning radiometer onboard the WB-‘37F were initiated in June 1979 with 
Project SESAME (Severe Environmental Storms and Mesoscale Experiment) and most recently in 
June 1981 with Project CCOPE (Cooperative Convective Precipitation Experiment). 


Table 1. Advanced Microwave Moisture 
Sounder (AMMS)/ WB-57F Mission Schedule 
Summary 


Mission 

www’ation 

Month Aear 

SESAME* 

Southwest U.S, 

June 19 ?9 

Florida 

Thunder- 

storm 

Florida 

Sept. 1979 

Stratiform 

Precipita- 

tion 

Central and 
Southern U.S. 

Feb. 1980 

Severe 

Storm 

South Florida 

Aug. 1960 

CCOPE* • 

Montana 

May/June 

1981 


^Severe Environmental Storms and Mesoscale 
Experiment 

••Cooperative Convective Precipitation 
Experiment 



Figure 1. 94/183 GHz Dual Frequency 

Radiometer Channel Allocation. 


Figure 1 shows the relationship of the radiometer channels to the water vapor line at 
183.3 GHz. The three channels (+2.25, +5.00 and +8.75 GHz from line center) permit 
measurement of the atmospheric water vapor profile. The window channel, centered at 94 GHz 
permits correction for clouds over the ocean and for surface emissivity variations over 
land. Although typical brightness temperatures observed are in the 240 to 280K range, 
brightness temperatures below 200K have been observed in convective rain with the AMMS 
instrument'*^ and with a nonscanning predecessor instrument that was flown into Tropical 
Storm Cora on the NASA Convair 990 aircraft. These low brightness temperatures are 
interpreted as scattering of the 3K cosmic background into the radiometer by ice particles 
with dimensions greater than a few hundred microns. Such ice particles are common in 
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convective precipitation. The degree to vhich this scattering is observed in the various 
163 GHz channels also gives information on the height to vhich ice is thrown in the storm. 

In Tropical Storm Cora ice was thrown to at least 8 km altitude. The February 1980 mission 
demonstrates that these low brightness temperatures are not commonly observed in stratiform 
precipitation except for occasional embedded convection, 

AKMS System Description 

The Advanced Microwave Moisture Sounder (AMMS) is an imaging radiometer developed by the 
Georgia Institute of Technology under contract to NASA Goddard Space Flight Center 
Figure 2 is a system block diagram of the AMMS airborne 94/183 GHz radiometer as configured 
for the WB-57F aircraft. The imaged scene is reflected into the antenna unit by the 
rotating reflector and is chopped at approximately 350 Hz using a beam combining "super 
chopper". On every sixth mapping cycle the scanner rotates 360 degrees and reflects a hot 
and a cold calibration load into the antenna lens viewing port. The 94 GHz and 183 GHz 
channels each have a separate feedhorn behind the lens. The beam combining chopper 
determines which horn is viewing the mapped scene or the temperature controlled Dicke 
reference load. Figure 3 depicts the super chopper design implemented to view the scene 
alternately between the 94 GHz feed and the 183 GHz feed. The 94 GHz signal is down** 
converted to a 2.32 GHz IF, The 183 GHz signal is down*converted using a X2 suoharmonic 
mixer to intermediate frequencies at 1,5 to 3.0, 4,0 to 6,0, and 7,5 to 10,0 GHz, The three 
channels are triplexed, amplified, filtered and then square law detected. The detector 
outputs go to video amplifiers with bandpass responses centered at the chopping frequency. 
The video amplifier outputs are synchronously detected using phase sensitive detectors. The 
outpuc of the phase sensitive detector is either a two pole low pass active filter with a 
selectable integration time or an integrator whose output is proportional to the time 
integral of the phase sensitive detector output. The integrator output is periodically 
sampled and dumped under microprocessor control at a rate determined by the scanning period 
of the imaging radiometer. The microcomputer also digitizes the outputs of the phase 
sensitive detectors, and controls the storage of data from all four channels onto the dual 
cartridge flight recorder. The microprocessor also checks for proper operation of the 
system and, if a fault is detected, it is corrected by reloading and restarting the 
operating program. 


r'CGE IS 
OF POOR QUALITY 



AltOAtt 

tUTIM 




Figure 2. WB-57F 94/183 GHz Hadiometer Block Diagram. 






a) Super Chopper Concept - Shoi»m Reflecting b) Super-Chopper - Shown Transmitting 
to Antenna at 94 GHz and Reflecting to Reference Load at 94 GHz and 

Into Reference Load at 183 GHz. Transmitting to Antenna at 183 GHz. 


Figure 3. 94/183 GHz Radior 'uper-Chopper Concept. 


The radiometer's beam scanner is designed to image the scene below the aircraft over an 
angle of Hh45 degrees in a 3 second period. The angular beamwidths for the 94 GHz and 183 
GHz sensors are 2 degrees and 1 degree^ respectively. The radiometer's scan period Is 
controlled by one of the AMMS microcomputers. The same controller is used to perform 
precise periodic calibrations of the radiometer during flight. The key parameters for the 
airborne system are summarized in Table 2. A key component used in the AMMS front-end is 
the subharmonic balanced mixer developed for the 183 GHz system using antiparallel mounted 
Schottky-barrier diodes.^ Figure 4 is a photograph showing the subhat monic mixer assembled 
in the 183 GHz RF front-end flown on the WB-57F during the CCOPE mission. 


Table 2. Key Parameters of the 


AMMS 

Parameters 

Dual Frequency Front- 
End 

Multichannel System 


Subharmonic Balanced 
Mixer 

Single-ended Mixer/ 

LO Injection Cavity 

Antenna 

Precision Calibration 
Loads 

Dicke Chopper Beam 
Combining 

Beam Scanner 
(Moving Mirror) 

Data Recording 


System 

Remarks 

Solid state, low 
noise, wide band 

183 GHz (3 channels), 
94 GHz (1 channel) 

183 GHz (Pumped at 
91.65 GHz) 

94.0 GHz 

5 inch lens aperture 
Effective black body 

Essentially Lossless 
Operation 

Microcomputer 

Control 

Microcomputer Control 



Figure 4. Assembled 183 GHz RF Front- 
End Using the Subharmonic 
Mixer. 


The AMMS radiometer airborne system is contained within two packages integrated into the 
MB-57F universal pallet. The AMMS front-end package contains the RF, IF, and video 
components which are mounted on a temperature controlled common baseplate. Figure 5 is a 
photograph of the front-end package with the beam scanner (rotating reflector) and 
calibration loads as shown. An opening in the WB-57F pallet allows the scanner to view the 
scene below the aircraft. The second AMMS package contains the digital system including the 
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multiplexed analog- to-digital converter f system power supplies, the micr ^computer » and the 
dual cartridge flight recorder. Figure 6 is a photograph of the digital package which is 
pressurized to withstand 10 psi differential in order to meet the environmental requirements 
of the flight recorder. 


fi 




k 








Figure 5. AM*MS RF Package Showing 
Major RF Components. 



Figure 6. AMMS Digital Package with 
Dual Cartridge Recorder. 


Following each m^Slf flight the AMMS data are examined using the portable ground support 
system provided in the field. Key parameters for the ground support system are sumnarized 
in Table 3. This system is used to perform any necessary flight software modifications to 
the AMMS. Figure 7 is a photograph of the ground support system showing the ground based 
microcomputer» the color monitor display » the ground support cartridge recorder, and the 
reel-reel tape recorder with controller. Functions provided by the ground support system 
include radiometric images of the 94 GHz and 183 GHz data channels (see Figure 8), hard copy 
printout of the AMMS flight log (see Table 4), and cartridge to reel-reel tape transfer of 
the flight data for future analysis by NASA. 


Table 3. AMMS Ground Support 
System Features 


Parameters 
Data Display 

Data Flight History 
Data Storage 

Software Support 

Data Tape Initiali- 
zation 


Remarks 

Real time to 2X real 
time images 
(4 channels) 

Flight log printout 

Airborne cartridge 
to 9 track tape 

Custom design for 
each data flight 

Modify operating 
system software 




Figure 7. AMMS Ground Support System. 
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OF POOR QUALITY 

183/2.25 GHz 


Note: 

Lighter regions shown in each of 
the four channels correspond to 
brightness temperatures below 
210K. Each region is approxi- 
mately 36 km across by 15 km long. 


183/8.75 GHz 


Figure 8. y4/J83 GHz Scanning Radiometer 

Imaged Data Display. 


Table 4. AMMS/WB-57F Severe Storms Flight: 
Face 3; Day: 244; Date: 08/31/80 


BLK 

TIME 

IRIG 

CLD 

HOT 

REF 

G2 

Gl 

G5 

GO 

MA2 

MI2 

NAl 

Nil 

MAS 

M15 

MAO 

MIO 

438 

1:13 

18: 

41 

2 

62 

29 

-71 

-84 

-157 

-16 

266 

244 

305 

240 

313 

205 

302 

253 

440 

1:13 

16: 

41 

2 

62 

29 

-68 

-93 

-135 

-71 

269 

247 

291 

218 

315 

240 

299 

256 

442 

1:13 

18: 

41 

3 

62 

29 

-68 

-98 

-179 

-70 

274 

247 

285 

198 

302 

166 

300 

210 

444 

1:14 

18: 

42 

2 

62 

29 

-70 

-84 

-140 

-76 

282 

225 

274 

182 

297 

173 

286 

157 

446 

1:14 

18: 

42 

2 

62 

29 

-70 

-98 

-222 

-74 

271 

119 

222 

116 

212 

16 

238 

110 

448 

1:14 

18: 

42 

2 

62 

29 

-69 

-91 

-194 

-86 

255 

108 

225 

105 

175 

22 

152 

59 

450 

1:15 

18: 

43 

2 

62 

29 

-68 

-79 

-141 

-67 

256 

120 

232 

134 

223 

99 

200 

109 

452 

1:15 

16: 

43 

2 

62 

29 

-67 

-141 

-126 

-74 

295 

179 

264 

56 

293 

166 

281 

llY 

454 

1:15 

16: 

43 

2 

62 

29 

-69 

-96 

-154 

-80 

296 

247 

292 

208 

317 

208 

287 

204 


The hard copy flight log printout provides information such as aircraft time (IRIG), 
calibration 3oads (CLD and HOT) physical temperatures, Dicke reference (REF) load physical 
temperature, radiometer data channels system gains (G2, Gl, G5# and GO) in degrees Kelvin 
per volt, the maximum radiometric temperature (MA) observed for each data channel during six 
scans, and the minimum radiometric teTiperature (MI) observed for each data channel. Table 4 
represents a portion of the AMMS flight 3 (8/31/80) log designated FACE (Florida Area 
Cumulus Experiment) from the Severe Storms mission. This partial flight log printout covers 
three minutes of data taken beginning about one and one-quarter hours after aircraft 
takeoff. Note at time IRIG 1842 that minimum radiometric temperatures were observed on all 
four radiometric channels at the time during which the WB-57F was crossing the west 
coastline of Florida near Naples Park. Each flight log is generated immediately following 
the day's flight and is used to correlate the AMMS data with the WB 57F backseat operator's 
log on visual observations. Figure 8 is a four channel radiometric image taken from the WB- 
57F/AKMS 8/31/80 data flight. Beginning with the upper left image and going clockwise the 
four channels shown are 94 GHz, 183 (2.25) GHz, 183 (8.75) GHz, and 163 (5.00) GHz 
respectively. This in.aged data corresponds to the flight time printout data provided in 
Table 4. 


Since the radiometer scans 445 degrees about nadir, a ground swath of 36 km is mapped 
when the WB-57F is at 18 km altitude. The ground support video monitor generates 50 pixels 
for each line scan which results in about 0.72 km beam cell diameter on the earth's 
surface. Each data image shown in Figure 8 above represents about six minutes of data 
collected by the radiometer. At an aircraft ground speed of 400 knots, the total distance 
covered by the WB-57F is about 74 km for each channel. 
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